Varicella-zoster virus causes varicella (chicken-pox), mainly in young children. Most cases are mild but serious complications can occur, resulting in significant morbidity and mortality. The objective of this study was to estimate the cost burden of varicella hospitalizations in two pediatric reference hospitals in Mexico. This retrospective observational study collected data on patients aged <18 years admitted to two third-level referral hospitals in Mexico. Cases were identified from hospital records using International Classification of Diseases Ninth Revision (ICD-9) codes 052 Chickenpox, or Tenth Revision (ICD-10) codes B01 Varicella (chickenpox). Data on demographic and clinical characteristics and resource use were collected from hospital records. Costs for hospital stay and interventions were obtained from the Mexican Institute for Social Security for 2015 and updated to 2017 costs. A total of 172 hospitalized varicella clinically-confirmed cases and 121 varicella-contacts (with epidemiological linkage to a clinically-confirmed case) were included. Thirty eight of the 172 cases (22.0%) experienced complications. There were no deaths. The median duration of hospitalization was 12 days for cases and 23 days for contacts. The median hospitalization cost was MXN 82,572 (USD 4,434) per case, and MXN 89,453 (USD 4,804) per contact. Although considered a mild disease, varicella was associated with a substantial cost burden in two Mexican third-level referral hospitals.
Introduction
Varicella-zoster virus causes varicella (chicken-pox), which is characterized by a vesicular rash and mainly occurs in young children. 1 After the chicken-pox has resolved, the virus can remain latent in dorsal root spinal ganglia. When reactivated later, which can occur at any time of life although it is more frequent at older ages, the virus causes herpes zoster (shingles). 2 Varicella is highly infectious, and secondary cases occurs in 61-100% of susceptible household contacts. 3 Varicella infection is usually mild to moderate in individuals with normal immune function, although even an uncomplicated severe case can result in over 1,000 lesions and severe symptoms. 1 Serious complications of varicella requiring hospitalization can occur, 4 including secondary bacterial infections, central nervous system involvement, pneumonia, and skin and soft tissue infections. 1, 2 Complications can be severe or fatal, even in healthy individuals. 3, 5, 6 Varicella is associated with a substantial burden of morbidity and mortality. A total of 62,246 hospitalizations associated with varicella zoster virus were recorded between 2008 and 2013 in Brazil before the introduction of universal vaccination with the tetravalent measles-mumps-rubella-varicella vaccine. 2 The majority of these varicella-related hospitalizations occurred in children aged < 9 years. 2 The incidence of hospitalized varicella in children aged < 15 years was 15.7 per 100,000 per year in Australia prior to the 1-dose varicella mass vaccination, 7 and the estimated incidence of varicella-related hospitalization was 5.29-6.89 per 100,000 in children aged 0-15 years in Turkey. 4 Varicella mortality rates in Brazil averaged 0.88 per 100,000 per year in infants aged < 1 year and 0.4 per 100,000 in children aged 1-4 years 2 . In a study in Colombia, 13 of 513 (2.5%) children hospitalized for varicella complications died. 5 Information on the cost and burden of varicella complications will be important for the economic evaluation of preventive strategies such as immunization. A few studies have investigated the cost of varicella hospitalizations in Colombia, 8 Panama, 5 Chile, 6 and Turkey. 9 However, there is currently no information available from hospitals in Mexico on the cost of varicella-associated hospitalizations.
The objective of this retrospective observational study was to fill this gap in knowledge by investigating the clinical and cost burden of varicella hospitalizations in individuals aged < 18 years admitted to two third-level referral pediatric hospitals in Mexico.
Results
A total of 172 hospitalized varicella-confirmed cases and 121 varicella contacts were included in the study across the two participating hospitals. In the Hospital Infantil de Mexico "Federico Gomez" (HIMFG), only varicella cases were reported, while the Institituto Nacional de Pediatria (INP) reported also all the contacts who had exposure to a clinically-confirmed case during hospitalization. Table 1 summarizes the demographic and clinical characteristics of the subjects across both hospitals. Only 2 cases and no contacts were reported in 2011; the other three study years had broadly comparable number of cases and contacts in each year. In 154 cases (89.5%), comorbidities were reported, meanwhile, 107 contacts (88.4%) reported any comorbidity.
Thirty eight of the 172 varicella-confirmed cases (22.1%) experienced complications. Among them, 23 occurred in varicella cases with comorbidities (60.5%). None of the contacts developed varicella symptoms or any complications ( Table 2) . The most common complications were sepsis, septic shock and pneumonia (Table 2 ). There were no varicella-associated deaths. All except five cases were discharged without sequelae. Of these five cases, one subject had functional limitation in one extremity and scars, and the other four had skin sequelae associated with scars. All were aged 1-10 years. Figure 1 shows the duration of hospitalization by age group for varicella-confirmed cases and varicella contacts. The median duration of hospitalization was 26.2 days (standard deviation [SD] 133.1) for varicella-confirmed cases, and 13 days (SD 17.3) for varicella contacts. (Table 3 ) Table 3 shows hospital resource use and cost for varicellaconfirmed cases and varicella contacts. No differences were observed between hospitals. Antiviral treatment was given in 89% of varicella-confirmed cases and 64.5% of varicella contacts, For varicella-confirmed cases with any comorbidity, the median hospitalization cost was MXN 75,680 (USD 4,064) corresponding to a median hospitalization of 11 days, meanwhile, in cases without comorbidities, the median duration of hospitalization was 20 days representing MXN 137,600 (USD 7,390).
Discussion
This retrospective observational study provides the first published data from Mexico on the cost of varicella-related hospitalizations, using information derived from individuals aged < 18 years admitted to two third-level referral hospitals. The median hospitalization cost was MXN 82,572 (USD 4,434) per varicella-confirmed case, and MXN 89,453 (USD 4,804) per varicella contact. Both hospitals are comparable in resources use and cost since they belong to the Coordination of National Institutes of Health, and also are comparable in the attended population. It should be noted that both hospitals in our study are third-level referral hospitals, which are likely to receive particularly complicated cases or patients with significant co-morbidities requiring specialist management, and so these costs may not be representative of the costs incurred in routine hospital care in Mexico. Nevertheless, our results indicate that although varicella is commonly considered a mild disease, varicella-related hospitalizations in Mexico can be associated with substantial costs.
The median length of stay reported in this study was 14 days for varicella-confirmed cases and 13 days for varicella contacts. These are longer than the length of stay reported by previous studies in Panama (median length of stay 8.9 days), 5 Turkey (median length of stay 6 days, 4 and Thailand (median duration 6 days). 10 The median cost of hospitalization in the current study was also higher than the study in Panama (USD1,209), 5 which would be consistent with the longer duration of hospitalization. As noted above, both hospitals in our study were third-level referral hospitals that might be expected to admit more complicated patients than the average hospital, and this may explain the longer length of stay compared with other published studies. Our results represent two of the main pediatric reference hospitals in Mexico, which might limit the extrapolation of the findings to other centers, however the complications reported in patients with varicella are similar to those reported by other authors, and the most important aspect is that varicella complication may be very severe not only life threatening but also with long term sequelae and the disease can be prevented with vaccination. Other mild or moderate features requiring less complex attention in primary or secondary facilities might not be represented in our report.Most of the varicella-confirmed cases in our study had a source of contact outside the hospital, but a significant number of intrahospital contacts had to receive antiviral prophylaxis and hospitalization had to be extended due to varicella exposure. This finding may have implications for health service management, as it implies a considerable risk of varicella transmission to other patients within the hospital setting. A patient hospitalized with varicella may, therefore, result in additional nosocomial varicella cases occurring within the hospital. This in turn could potentially place a strain on hospital resources, or require closing beds in the hospital wards, intensive care unit and use of antiviral prophylaxis to limit the spread of infection. Clearly, these could have adverse effects on patient care. We have not attempted to quantify the potential impact of such consequences in this study.
Our retrospective study design has some limitations. International Classification of Diseases (ICD) codes may be missing or incorrectly entered in the hospital records, which may result in some varicella patients being missed from the study. Data on resource use may be missing or incomplete at the time of data collection. Some costs and resource use in patients with co-morbidities or with other conditions (e.g. in patients who contracted nosocomial varicella infections whilst hospitalized for other reasons) may relate to conditions other than varicella., nonetheless, hospitalization costs were higher in varicella cases of subjects without comorbidities, mostly related to a longer duration of hospital stay. The retrospective analysis did not allow determining which interventions and costs may or may not be attributed to varicella itself or to other conditions..
Conclusion
Although conventionally considered a mild disease, varicella in children and adolescents aged < 18 years was associated with a 2.3% (n = 4) 0 6690 Antibiotics, % (n) 34.9% (n = 60) 0 Serology, % (n)
1.4% (n = 1) 0 920 X-rays, % (n) 26.9% (n = 46) 0 441 Cultures, % (n) 30.2% (n = 52) 0 755 Intensive care unit, % (n) 12.8% (n = 22) 0 33,911 MXN, Mexican peso; SD, standard deviation; n, number of cases substantial cost burden in two Mexican third-level referral hospitals. Furthermore, the high proportion of varicella contacts with an in-hospital source of varicella indicates a high risk of varicella transmission to other patients in a hospital, with consequent potential for placing strain on hospital resources or requiring closure of beds for infection control. Preventive interventions such as vaccination have the potential to reduce this burden of varicella illness in hospitals. The substantial cost of varicella hospitalizations should be taken into account in economic evaluations of preventive strategies.
Methods
This retrospective observational study was conducted at two third-level referral hospitals in Mexico, HIMFG and INP. Both hospitals have highly specialized staff and technical equipment, clinical services highly differentiated by function and conduct teaching activities, as per World Health Organization definition.
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Study population
All varicella-related hospitalizations, including healthcareassociated infections, occurring at the two participating hospitals in children aged < 18 years during the period 2011-2014 were identified from the hospital records. Cases were identified from hospital records through the epidemiological unit or department of statistics, using codes from the ICD Ninth or Tenth Revision (ICD-9 or ICD-10), as indicated in Table 4 .
To maximize the sensitivity of the search, admission and discharge diagnoses were used as references. Diagnosis at discharge was the main criterion for inclusion because it indicated a valid confirmation of varicella-related hospitalization and complications.
The study enrolled previously healthy children as well as children with immunosuppression or chronic conditions.
A varicella-clinically-confirmed case was defined as an illness with acute onset of diffuse (generalized) maculo papulo vesicular rash without other apparent cause, with or without laboratory confirmation and previous epidemiological linkage to a varicella-case. Contacts were defined as the exposure to a varicella clinically confirmed case during hospitalization.
Data collection
Data on admission time, gender, age, receipt of varicella vaccine, underlying conditions, reason for admission, nature and type of any varicella-associated complications, and presence of varicella serology were collected from the hospital records.
Resource use data including the length of hospital stay, intensive care unit stay, use of mechanical ventilation, use of radiological techniques, blood culture results, administration of acyclovir (dose and duration if available), administration of intravenous immunoglobulin (dose and duration if available), antibiotic therapy, and hospitalization outcome (survival to hospital discharge, sequelae at hospital discharge, or death) were collected by review of medical charts.
For contacts, the length of hospital stay was estimated using as reference the date when occurred the exposure to a varicella clinically confirmed case during hospitalization. The number of days of antiviral administration were also estimated for these subjects.
Costs for hospital stay and interventions were obtained from the Mexican Institute for Social Security for 2015, 11 and updated to 2017 costs using the consumer price index published by the Mexican National Institute of Statistics and Geography. 11 All costs were calculated in Mexican pesos (MXN). For ease of comparison with other published studies, data were also converted to USD using an exchange rate of 1 USD = 18.62 MXN. 12 The study was conducted in accordance with all applicable regulatory requirements, including all applicable subject privacy requirements and the guiding principles of the Declaration of Helsinki. Approval by the local or institutional committee was obtained before any data extraction, and data privacy was protected by using anonymized data.
Statistical analysis
Demographic characteristics and healthcare resource use data were summarized using descriptive statistics, including frequency tables for categorical data and mean, median, range, 95% confidence intervals (CI), SD and/or standard error for continuous variables. For cost analyses, median cost was calculated stratified by subjects with and without underlying disease. Disclosure of potential conflicts of interest RC and RDA are employees of the GSK group of companies. At the time of the study conduct, RCA and GM were employees of the GSK group of companies. RDA reports holding shares in the GSK group of companies as part of his employee remuneration. RNJJ reports grants from GSK. MMP, MARW, SME, BCT, KOD have nothing to disclose. 
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